Background It is not known whether stroke patients with intracranial stenosis often have lower extremity atherosclerosis. The aim of our study was to elucidate this issue. Methods Consecutive stroke patients who had cerebral angiography were prospectively enrolled in this study. Cerebral artery and lower extremity artery stenoses were evaluated simultaneously using conventional angiography. To investigate sub-clinical arteriosclerosis, duplex ultrasonography was performed to assess the maximal intima media thickness (IMT) of the common carotid artery (CCA) and the femoral artery, and the ankle brachial pressure index (ABI) was determined. The patients were classified into three groups based on the cerebral angiographic findings: 1) IS group, with a !50% stenosis of the intracranial artery; 2) ES group, with a !50% of the extracranial carotid artery; 3) NS group, with no stenosis. We compared the IMT of the CCA and the femoral artery, as well as the ABI, among the three groups. Results A total of 81 patients (mean age 63 ± 13 years old; 61 males) were enrolled. The prevalence of hypertension was greatest in the ES group. The maximal IMT of the femoral artery was highest in the ES group (ES group, 2.1 ± 1.0 mm; IS group, 1.5 ± 0.7 mm; NS group, 1.7 ± 0.9 mm; p=0.043). The ES group had the lowest ABI (ES group, 1.00 ± 0.24; IS group, 1.11 ± 0.17; NS group, 1.13 ± 0.15, p=0.031). Conclusion The presence of sub-clinical atherosclerosis of the lower extremity arteries differed between patients with intracranial and extracranial stenosis. The mechanism of atherosclerosis may differ between intracranial and extracranial internal carotid artery.
Introduction
The histological structure of the intracranial and extracranial arteries differs (1, 2) . Therefore, the mechanism leading to atherosclerosis may also differ between the intracranial and extracranial arteries. Several studies have shown that there is a relationship between extracranial carotid artery atherosclerosis and lower extremity atherosclerosis (3) (4) (5) . However, few reports have examined the relationship between intracranial artery atherosclerosis and lower extremity artery atherosclerosis.
Measurement of the ankle brachial pressure index (ABI), which is the ratio of the systolic blood pressure in the arm to that in the ankle, is a useful and noninvasive method for assessing sub-clinical atherosclerosis in the lower extremity. Furthermore, measurement of the maximal intima media thickness (IMT) of the common carotid artery and the common femoral artery is also a useful and noninvasive method for assessing sub-clinical systemic atherosclerosis.
The aim of our study was to determine whether there is a difference in sub-clinical atherosclerosis of the lower extremity arteries between patients with intracranial artery stenosis and those with extracranial artery stenosis.
Materials and Methods
Ischemic stroke patients, including those with a transient ischemic attack (TIA), who had cerebral angiography, were prospectively enrolled between July 1, 2006 and June 30, 2007. During this period 427 patients were admitted to our hospital and tissue plasminogen activator was used for 33 patients. The criteria to perform cerebral angiography are as follows: 1) The etiology of the cerebral infarction is insufficient in modality, except for cerebral angiography, in other words, it is difficult to differentiate whether the stenosis lesion of the middle cerebral artery is atherothrombotic or arterial dissection. 2) There is possibility of the surgical treatment in CEA or a STA-MCA bypass. 3) Intracerebral hemorrhage in which vascular anomaly is suspected as for arteriovenous malformation or the moyamoya disease, 4) when thrombosis of venous sinuses was suspected, patients treated with revascularization of the lower extremity arteries were excluded. The following clinical characteristics were assessed: past history of ischemic stroke, ischemic heart disease, claudication, and chronic renal damage; admission NIHSS score; risk factors for atherosclerosis, such as hypertension, diabetes mellitus, hyperlipidemia, and smoking; and admission laboratory data (complete blood cell count, biochemistry, and coagulation system). Written informed consent was obtained from all participants.
Cerebral and peripheral artery angiography
Angiography was performed within one week of stroke onset. Stroke neurologists simultaneously performed both cerebral and lower extremity angiography via the right transbrachial or the femoral approach using biplane digital subtraction angiography equipment (Infinix VB, Toshiba Medical Systems Co., Tokyo, Japan). Cerebral artery examinations involved 4 vessels, including the right and left internal carotid arteries (ICA), the right and left vertebral arteries (VA), and the basilar artery (BA). The lower extremity arteries were assessed from the bifurcation of the renal artery to the bifurcation of the superficial femoral and deep femoral arteries. Ethical committee approval was obtained.
On conventional angiography, the degree of stenosis was evaluated using the NASCET method (6) . Arterial stenotic lesions of the extracranial internal carotid artery (ICA origin) were classified as extracranial disease; middle cerebral artery (M1 portion), intracranial internal carotid artery (C1-C4 portion) were classified as intracranial disease; and stenotic lesions (!50%) of the common and external iliac arteries and the common femoral artery were classified as lower extremity disease. The evaluation of the artery of lower extremity lesion used a TASC classification (7) . Because a scan range of the artery of lower extremity was limited, the diffuse long lesion was not included in the evaluation.
Based on their cerebral angiographic findings, the patients were classified into three groups: 1) the intracranial stenosis group (IS group), which had a !50% stenosis of the intracranial internal carotid artery, the middle cerebral artery, or the basilar artery; 2) the extracranial stenosis group (ES group), which had !50% stenosis of the extracranial internal carotid artery; and 3) the non-stenosis group (NS group), which had neither intracranial nor extracranial cerebral arterial stenosis.
Ankle Brachial pressure Index (ABI) measurement
ABI measurement was performed using an automatic device, presented in the form PWV/ABI (Colin, Co., Ltd., Komaki, Japan). Blood pressure was measured bilaterally in the upper arms and ankles simultaneously using cuffs. The ABI was calculated automatically by dividing both ankle pressures by both brachial pressures. The mean of the data obtained for both legs was used.
Ultrasound evaluation
Ultrasonography of the common carotid artery and lower extremity arteries was done within 24 hours after the angiographic study. All scans were performed by one observer using a color duplex scanner (LOGIQ book, GE Yokogawa Medical Systems Co., Ltd., Tokyo, Japan) with a multifrequency sector transducer (6-10 MHz settings). The scan settings (power output, 50%; dynamic range, 80 decibels; gain; gray scale; filters; ramp) were preset at the time of machine start-up and remained constant during the examination. All patients were examined in the supine position. The maximal IMT was evaluated at the far wall of the common carotid artery and the common femoral artery. The IMT measurement method used was that defined by Pignoli et al (8) . The mean maximal IMT obtained for the right and left vessels was used for data analysis.
Risk factors
The presence of risk factors for atherosclerosis, such as hypertension, diabetes mellitus, hyperlipidemia and smoking habit, was evaluated in each patient. Hypertension was defined as a systolic blood pressure !140 mmHg and/or a diastolic blood pressure of !90 mmHg 14 days after stroke onset, or the use of antihypertensive agents. Diabetes mellitus was defined as a fasting plasma glucose level !126 mg/ dl (7.8 mmol/L), a random non-fasting plasma glucose ! 200 mg/dL (11.1 mmol/L), a hemoglobin A1c >6.4%, or the use of an oral hypoglycemic agent or insulin. Hyperlipidemia was defined as a total cholesterol >220 mg/dL and/or triglyceride >150 mg/dL, or the use of an oral lipid-lowering agent. Information about smoking was obtained by interview; the presence of a smoking habit was defined as being a current or past smoker.
Statistical analysis
Data are shown as the mean ± SD. The Kruskal-Wallis test was used to evaluate differences among the three groups. The Mann-Whitney U test was used to evaluate differences between two groups. Statistical analyses were per-formed using Statview-J version 5.0 computer software (SAS Institute Inc., New York, N.Y., USA) under Windows XP Professional Service Pack 2. Values of p<0.05 were considered to be significant.
Results
A total of 102 patients (mean age 63 ± 12 years old; 80 males) were initially registered in the study. Of these, 21 patients were excluded: 1 had revascularization of lower extremity artery; 3 could not have a complete angiographic examination due to vasospasm and vomiting during the procedure; 11 patients had arterial dissection; 2 patients had stenotic lesions of both intracranial and extracranial arteries; and 4 patients had stenotic lesions in vertebrobasilar system. Therefore, a total of 81 patients (mean age 63 ± 13 years old, 61 males) were enrolled.
Cerebral and lower extremity angiographic findings
Cerebral angiography demonstrated stenotic lesions of the extracranial internal carotid artery in 23 patients (ES group); the mean ± SD degree of stenosis was 83.2% ± 16.5%. The IS group consisted of 25 patients: 8 had stenotic lesions of the intracranial internal carotid artery (degree of stenosis, 88.7% ± 15.7%), and 17 had stenotic lesions of the middle cerebral artery (degree of stenosis, 90.4% ± 12.6%). The NS group consisted of 33 patients who did not have any significant stenotic lesions of the cerebral arteries.
Lower extremity angiography showed stenotic lower extremity artery lesions in 11 patients (14%); the mean ± SD degree of stenosis was 73.6% ± 21.2%. In TASC classification, 8 patients were Type A, one patient, Type B, and two patients, Type D. Lower extremity artery stenosis was observed in 5 ES group patients (21%), 2 IS group patients (8%), and 4 NS group patients (12%) (p=0.36).
Risk factors and characteristics
The prevalence of hypertension was highest in the ES group (87% in the ES group, 48% in the IS group, and 67% in the NS group; p=0.017). No significant differences among the 3 groups were observed in age, gender, diabetes mellitus, hyperlipidemia, atrial fibrillation (AF), smoking habit, and admission NIHSS score. Large-vessel disease was most common in the ES group (ES group, 39%; IS group, 20%; NS group, 0%; p=0.007) ( Table 1) . However, there were no significant differences in the frequencies of cardioembolism and small vessel disease among the 3 groups.
ABI data
The mean ± SD ABI of all patients was 1.08 ± 0.15. Figure 1 shows the ABI values (mean ± SD) of the 3 groups. The ES group had the lowest ABI (ES group, 1.00 (0.24; IS group, 1.11 ± 0.17; NS group, 1.13 ± 0.15; p=0.031). If an ABI value of less than 0.9 was considered as evidence of peripheral arterial disease, arterial disease was present in 6 (26%) of the ES group patients, 3 (12%) of the IS group patients, and 2 (6%) of the NS group patients (p=0.09).
Carotid and femoral artery ultrasound findings
The mean ± SD maximal IMT in the common carotid artery of all patients was 1.2 ± 0.7 mm. There were no significant differences in the maximal IMT of the common carotid artery among the three groups (ES group, 1.5 ± 0.9 mm; IS group, 1.0 ± 0.4 mm; and NS group, 1.2 ± 0.6 mm; p=0.15). The maximal IMT in the common carotid artery tended to be greater in the ES group than in the combined NS+IS groups (p=0.08).
The mean ± SD of the maximal IMT in the common femoral artery of all patients was 1.8 ± 0.7 mm. Figure 2 shows the maximal IMT in the common femoral artery among the three groups; the ES group had the highest maximal IMT (ES group, 2.1 ± 0.9 mm; IS group, 1.5 ± 0.7 mm; NS group, 1.7 ± 0.9 mm; p=0.043). When the maximal IMT was compared between the ES and the combined NS+ IS groups, the maximal IMT in the common femoral artery was higher in the ES group (p=0.014).
Discussion
Our study demonstrated that patients with extracranial internal carotid arterial stenosis have a greater maximal IMT of the femoral artery and a lower ABI value than patients with intracranial stenosis; this indicates that sub-clinical atherosclerosis of the femoral artery was more advanced in patients with extracranial stenosis than in patients with intracranial stenosis. In other words, sub-clinical atherosclerosis of the femoral artery was strongly related to the presence of extracranial disease but not intracranial disease. Therefore, the mechanism of atherosclerosis may differ between the extracranial and intracranial arteries.
Numerous studies have shown a relationship between extracranial carotid artery atherosclerosis and lower extremity artery atherosclerosis (3) (4) (5) . Several studies have reported a positive relationship between extracranial ICA stenosis and hypertension (9, 10) . In the present study, hypertension was most common in the ES group, which agrees with the results of previous studies (9, 10) . On the other hand, risk factors for intracranial disease have been reported to be age, hypertension, diabetes mellitus, hyperlipidemia, and ischemic heart disease (11-13). However, in our study, other than hypertension, there were no significant differences in the risk factors between patients with extracranial disease and those with intracranial disease. This discrepancy may be explained by the fact that the number of patients with severe arterial stenosis was small, and our study was designed to assess sub-clinical atherosclerosis.
The atherosclerotic process may differ in the intracranial and extracranial arteries (1, 2) . Extracranial arteries and lower extremity arteries are elastic vessels that are rich in elastic fibers. On the other hand, intracranial arteries are muscular vessels that have a small amount of elastic fibers that are concentrated inside the internal elastic lamina (13) . T a b l e 1 . P a t i e n t s ' B a c k g r o u n d Due to this histological difference, the process of atherosclerosis may differ between these two types of arteries (14) . Further study is necessary to determine a treatment strategy depending on atherosclerotic localization. This study had the important results that became the first step.
This study had some limitations. Our study did not perform pathological evaluation. Secondly, the subject of this study was limited to only Ischemic stroke patients and we included only patients who had cerebral angiography; therefore, there might have been a selection bias in our study. The lower extremity arteries were assessed from the bifurcation of the renal artery to the bifurcation of the superficial femoral and deep femoral arteries. Therefore the evaluation of the diffuse stenosis lesion of lower extremities was insufficient.
Conclusion
Compared to stroke patients with extracranial arterial disease, stroke patients with intracranial arterial disease are less likely to have sub-clinical arteriosclerosis of lower extremity arteries. Different mechanisms may produce atherosclerosis in the extracranial and intracranial arteries.
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